Additional index words. octanoic acid, decanoic acid, lateral buds, reproductive growth Abstract. A mixture of C8/C10 fatty acid methyl esters (FAME) when applied directly and exclusively to leaf axils of greenhouse-grown tomato (Lycopersicon esculentum Mill.) signifi cantly inhibited side shoot development. Plants grown in a single cluster production system in winter produced 8.9 side shoots/plant, whereas those treated with C8/C10 FAME 45 days after sowing, produced only 0.7 side shoots/plant. Total pruning weight of the side shoots was reduced from 40.2 g/plant to 1.3 g/plant. Fruit yield increased 14% with C8/C10 FAME treatment and there was an increase in the harvest index from 0.63 to 0.70. For a spring crop, in which average daily irradiance was more than twice that in winter, overall yield increased 70% when compared to the winter crop. As in winter, side shoot number and side shoot weight/plant were signifi cantly reduced by C8/C10 FAME, but there was no difference in crop yield between C8/C10 FAME and untreated plants. In both winter and spring, untreated plants required hand pruning three times during the production period, whereas C8/C10 FAME-treated plants were pruned only once at the time of application. A C8/C10 free fatty acid (FA) mixture was also applied to one and two-cluster plants with similar results. In the multiple cluster system, application of the C8/C10 FA mixture instead of side shoot pruning reduced plant height and increased yield from 6.4 to 7.4 kg/plant. C8/C10 FA or C8/C10 FAME treatment could be a useful labor saving strategy in greenhouse tomato production and may increase crop yield under conditions in which assimilates may be limited by environmental factors, or as a result of a high level of competition from other fruits or shoots.
At about the time the fi rst fl owers have opened, and after an initial period of monopodial growth, the tomato (Lycopersicon esculentum Mill.) grows sympodially with the development of numerous lateral shoots. Manual removal of these shoots is an expensive labor-intensive practice that is required for greenhouse production as the lateral shoots compete with developing fruits for nutrients and assimilates, and may also shade both the source leaves, reducing photosynthesis, and the fl owers, reducing fruit set. Navarrete and Jeannequin (2000) found that the optimal pruning interval to prevent reductions in crop yield was 7 to 14 d. Nevertheless, manual shoot removal often damages some of the plants and can potentially spread disease. The use of growth regulators to inhibit lateral shoot development in order to limit the number of required pruning operations during crop growth, could reduce costs associated with crop production and may even increase crop yield. Application of abscisic acid, for example, inhibits lateral bud growth, although in tomato it does not suppress growth completely, even when applications are continuously repeated (Tucker and Maw, 1975) . Aminoethoxyvinylglycine (AVG), a potent inhibitor of ethylene synthesis, also represses lateral bud development (Yeang and Hillman, 1982) . Indole acetic acid (IAA), produced in the apical bud and transported basipetally down the stem, imposes lateral bud dormancy in most plants. Canaline, an amino acid similar in structure to AVG, promoted auxin transport in tomato, and suppressed lateral shoot growth (Brenner et al., 1987) . Inhibitors such as canaline or AVG may, therefore, prevent lateral bud growth directly by suppressing cell division in the bud, or indirectly by increasing IAA-mediated apical dominance. Even if these treatments were successful, however, there may be adverse effects on fl owering, fruit set, and fruit growth, and there may be a need for multiple applications to the same leaf axil over time. In this regard, chemical pruning agents that kill lateral buds and their meristems by contact may be more useful. Off-Shoot-O is a mixture of fatty acid methyl esters that has been used successfully to prevent side shoot growth after topping in tobacco (Steffens et al., 1967) by disrupting plant cell membranes in surface layer cells, without penetrating deeply into the tissue. When the nodal regions of the stem are treated, the meristematic tissue that will give rise to side shoots is killed, but the vascular tissue below remains functional (Wheeler, et al. 1991) . Tucker and Maw (1975) tested this product on tomato seedlings and obtained excellent control of side shoots, although C8/C10 fatty acid methyl esters (FAME) must be applied directly to the leaf axils, avoiding contact with leaves and reproductive organs. Surprisingly, there have been no reports on the effect of C8/C10 FAME on crop yield in the tomato.
Limited cluster production systems for greenhouse-grown tomatoes are being evaluated because they allow for greater automation of production and more effective use of supplemental lighting during crop growth (Janes and McAvoy, 1991; Logendra et al., 2001) . Moreover, insect and disease control are simplifi ed since crops are more rapidly cycled in and out of production. A limitedcluster system should also maximize the labor saving benefi ts of using a chemical pruning agent since it may be possible to control all side shoot growth with a single treatment. The experiments in this paper were designed to compare the effects of C8/C10 FAME and free fatty acids (FA) application with hand pruning of side shoots for one, two and multiple cluster greenhouse tomato crops grown in winter or spring lighting conditions.
Materials and Methods
One-and two-cluster tomato experiments. Seeds ('Laura') were sown in rockwool (RW) plugs (2.5 × 2.5 × 3.8 cm), watered, and kept at 25 °C. After germination (7 d after sowing) seedlings were irrigated with a nutrient solution containing the following elements: N (as NO 3 ) at 172 mg·L -1 , P at 52 mg·L . At 10 d seedlings were transplanted into RW cubes (7.6 × 7.6 × 6.3 cm) and grown on aluminum benches (1.4 × 5.0 m) with an ebb and fl ood irrigation system. Seedlings were spaced 30 cm apart on a thin sheet of rayon-polyester material that lined the bench. Plants received two irrigations per day with nutrient solution until 35 d when the irrigation regime was increased to fi ve to seven irrigations daily with an EC of 2.3 mS·cm -1 . The aerial portion of the plant was supported with two horizontal layers of galvanized wire mesh netting (12 gauge, with 15 × 20-cm grids) mounted on the benches at 30, and at either 60 or 90 cm above the bench top. At 45 d (one cluster) or 55 d (two cluster) any side shoots that had developed were manually pruned and the plants were topped so that there were two leaves above the fruiting cluster(s). Pollination was accomplished by vibrating the fl ower clusters daily with a leaf-blower during the fl owering period. If the outside natural light intensity was <800 µmol·m -2 ·s -1 , supplemental lighting was provided from high-pressure sodium lamps at an intensity of 80 µmol·m -2 ·s -1 for 16 h from 0500 to 2100 HR. Light integral measurements were recorded with a datalogger (LI 1000; LI-COR, Lincoln, Nebr.) using quantum sensors located 1 m above the bench top . The greenhouse was located in New Brunswick, N.J. (40.5N, 74.4W)
Multple-cluster tomato experiment. The greenhouse fl oor was covered with a weed barrier and perlite bags (PB) (105 × 20 × 10 cm) were laid on top of it in rows, at a spacing HORTSCIENCE 39 (7) ) for 1 to 3 min hourly from 0500 to 1900 HR. Plants were trained to grow on twine connected to an overhead wire supported cable system with two cables for each row, 60 cm apart at a height of 3.3 m. Twenty plants were either manually pruned or the newly appearing nodes were treated with C8/C10 FA (0.5% w/v) weekly. Bees were introduced in the greenhouse on a monthly basis to pollinate fl owers. Harvesting was carried out twice weekly.
For all experiments, the greenhouse was maintained at 24 °C day/20 °C night air temperature. Fruits were harvested at the pink stage. Data were subjected to analysis of variance for a randomized complete-block experiment with two treatments (C8/C10 FAME or FA and control), four plants/treatment per block with eight blocks. Means were separated by LSD test. C8/C10 FAME (0.625% w/v) (Off-Shoot-O, The Cochran Corp., Memphis, Tenn.) or C8/C10 FA (0.5% w/v) (KIC Chemicals, Inc., Armonk, N.Y.) were dissolved in 1.25 % (w/v) Na Alginate (Kelgin MV, ISP Technologies Inc., Wayne, N.J.) to increase the viscosity of the treatment solutions. A red food coloring dye was added just before application to mark the nodes that were treated.
Results and Discussion
One-cluster tomato experiment. Under winter lighting conditions, C8/C10 FAME treatment reduced side shoot production from 8.9 to 0.7 side shoots/plant during the production period for a single cluster tomato crop (Table 1) . Total side shoot weight and total vegetative growth were signifi cantly reduced as well. In contrast, fruit yield increased by 14% with C8/C10 FAME treatment, clearly demonstrating the inhibitory infl uence of side shoot development on fruit growth, despite the fact that no side shoots were allowed to grow for >10 d before pruning. All plants were manually pruned at 45 d, but untreated plants required two additional manual pruning operations to remove side shoots. Most of the pruning weight was removed at 55 d, which coincided with the period of fl owering and fruit set. C8/C10 FAME-treated plants did not require additional pruning although at harvest some plants had small side shoots (0.7 side shoots/plant, 1.3 g fresh weight). Untreated plants were slightly but signifi cantly taller (Table 1) suggesting that the presence of rapidly growing side shoots contributes to internode elongation, perhaps via basipetal auxin transport from the apical bud of the side shoot to the elongating internode. The coincidence of fruit set with signifi cant side shoot development suggests that side shoots may compete directly with the fruit for assimilates during a critical stage in fruit development and/or that the side shoots produce hormones that interfere with fruit cell division or enlargement. For tomato, cell division in the ovary occurs only for 10 to 12 d after fl ower anthesis (Atta-Aly et al., 1999), so it may be especially sensitive to inhibitory infl uences of the side shoots. The increase in fruit yield and the reduction in total vegetative growth with C8/C10 FAME treatment resulted in an increase in the harvest index (HI) from 0.63 to 0.70.
Under spring lighting conditions, side shoot number and weight were also reduced considerably by C8/C10 FAME treatment, however; there was no effect on fruit yield. Average greenhouse day/night temperature were similar between the winter and spring crops, but there was more than a 2-fold increase in average spring daily irradiance. Plants grown in the spring were not as tall as in winter, produced fewer side shoots with greater side shoot weight, and had greater total vegetative growth. Fruit yield was 70% greater as a result of increases in both fruit number/plant and average fruit weight. The HI was also signifi cantly higher in spring (Table 1) . Most likely, the higher levels of irradiance allowed for greater photosynthesis providing adequate assimilates for both side shoot growth and fruit development (McAvoy and Janes, 1989) . High light levels may also have promoted fruit set (Rodriguez and Lambeth, 1975) . While there was no yield increase with C8/C10 FAME treatment in spring, there was still a considerable saving in labor, since untreated plants required two additional pruning operations.
The free C8/C10 FA are also effective chemical pruning agents. When applied to single cluster tomato plants under winter and spring lighting conditions side shoot number/ plant was signifi cantly reduced (Table 2) . In this experiment, however, fruit yield components and total fruit yield were not signifi cantly different between treatments. The C8/C10 FA treatments did not require additional hand pruning after application to the leaf axils at 45 d from sowing. In contrast, untreated plants required two additional hand pruning treatments before harvest.
The C8/C10 FA appear to penetrate more deeply into the leaf axil than the FAME and can cause the petiole to collapse at the point of treatment. This problem can be avoided by applying a lower rate of the FA (0.5% vs. 0.625%), but the margin of safety is still less than with the FAME.
Two-cluster tomato experiment. For a twocluster crop under both winter and spring light- (Table 3) . In the spring, untreated plants required two additional pruning treatments, but only one was needed on the plants receiving the 55 d C8/C10 FA application. It is not possible to treat all of the leaf axils at 55 d on twocluster plants so additional hand pruning is required. Nevertheless, there were fewer side shoots than on untreated plants, and the time required to hand prune the treated plants was signifi cantly less. Consistent with the winter C8/C10 FAME experiment (Table 1) , plant height was signifi cantly reduced by C8/C10 FA treatment. Under the spring lighting conditions, fruit yield was almost 32% greater for the C8/C10 FA treatment. This was due to a signifi cant increase in fruit number/plant. The increased fruit number occurred in cluster two with 4.7 fruits compared to only 3.0 fruit for untreated plants (P ≤ 0.02). The fruit set period coincided with signifi cant side shoot development in all treatments, however; side shoot weight was 30% greater on untreated plants (Table 3) , which may have limited fruit set in the second cluster due to competition between vegetative and reproductive growth. Multiple-cluster tomato experiment. For a conventional multiple cluster greenhouse tomato crop, application of C8/C10 FA in place of hand pruning resulted in a 16% increase in fruit yield over 21 cumulative harvests during a three month time period in spring (Table 4) . Treated plants were slightly but signifi cantly shorter, and there was no difference in the amount of time it took to either apply the C8/C10 FA, or to manually prune the plant. Therefore in the multiple cluster system, there were no savings of labor, but there was an increase in crop yield and the shorter plants were easier to manage.
A suitable application device will be required for C8/C10 FA or FAME treatment. Maw (1977) used a felt tip marker fi lled with treatment solution with good results. We found that making a C8/C10 FA paste with agar or a food grade gel minimized accidental contact with the leaves, and adding a food coloring dye insured that no leaf axils were left untreated. We loaded this mixture in a syringe attached to a repeatable pipette to deliver a constant dose to each leaf axil.
Application of C8/C10 FA or FAME directly and exclusively to the leaf axils of one, two or multiple cluster tomato plants control side shoot production and may reduce the requirements and time for hand pruning. Under conditions in which assimilates may be limited by environmental factors, or as a result of a high level of competition from other fruit, preventing side shoot development can result in increased crop yield.
